The developmental anatomy of the vertebral column has been described by several investigators.",4 '16 The notochordal origin of the nucleus pulposus of the intervertebral disc, and the progressive decrease in its mucoid content during fetal life have been outlined by Keyes and Compere.' The nucleus pulposus is variously described as being large and situated somewhat posterior to the center of the disc,'
or it is said to vary widely in size and position." Progressive degenerative changes occur in the intervertebral disc throughout life.'"' From the eighteenth to the seventieth year the water content of the nucleus pulposus falls from about 80 per cent to between 70 and 75 per cent."
The relative avascularity of the intervertebral disc is an important factor in the production of degenerative changes, but the nature of the meager vascular supply is controversial.8'9' ,' -6,' Defects left in the cartilage plates of the vertebral bodies by atrophied pre-pubertal blood vessels may explain the formation of Schmorl's nodules. ' Schmorl" found nuclear prolapses into the vertebral centra in 38 per cent of his routine autopsies, with a slightly higher incidence in males, and in the middle-age groups. Lumbar Schmorl's nodules have been reported in from 9.3 to 20 per cent of cadavers in various series.7 '1 A brownish discoloration termed "brown degeneration" has been described in the intervertebral discs, the etiology and nature of which are not definitely known.1"' "Fissuring" is another change described in senile intervertebral discs. 1' Posterior herniations of the nucleus pulposus through the annulus fibrosus are usually lateral to the posterior longitudinal ligament and may compress the spinal nerves against the vertebral pedicles or articular processes.10 In the cervical region, however, herniations may lie close enough to the midline to produce compression of the spinal cord. Andrae' found posterior herniations in 15.2 per cent of 368 spinal columns, with the greatest number in the lower dorsal and lumbar regions. Lumbar herniations posteriorly have been described in 5.3 to 16 per cent of various series of cadavers,7"' and anterior herniations in 6 per cent.7 Horwitz' found fifty instances of bulging of the annular fibers without actual herniation of the nucleus pulposus.
Artificial puncture of the annulus fibrosus has produced herniations in rabbits1' and human cadavers. ' Horwitz' noted one instance of posterior herniation and three of ossification of the intervertebral disc in the cervical region of fifty cadavers; however, other degenerative Narrowing of the intervertebral discs is described after the formation of Schmorl's nodules and in the course of decalcifying bone diseases. Eburnation of the vertebral bodies and bony exostoses on their margins may develop after thinning of the discs. 10 Clinical reports have indicated the possible production of neurological manifestations through compression of the spinal cord or nerves by hypertrophic arthritis of the posterior edges of the vertebral bodies.'8 6 l7 l
Methods and materials
Spinal columns were obtained from forty cadavers. The laminae and ligamenta flava were cut parasagittally on each side of the spinous processes throughout the length of the spinal column. The spinous processes were then removed, exposing the contents of the spinal canal. The nerve roots were sectioned just medial to the intervertebral foramina, and the meninges and spinal cord were removed from the spinal canal and examined.
The spinal canal was inspected, and the remainder of the spinal column was divided into right and left halves by a midsagittal cut through the centra. The various structures in the cervical region were dissected and measured. The atlas was missing or destroyed in many of the specimens, and was not included in the series. Regions other than the cervical were not dissected completely unless special conditions warranted it. In each specimen, however, the fifth lumbar segment was disarticulated from the sacrum and closely studied.
The ages at death of thirty-six of the individuals from whom the specimens were taken were known. They ranged from 36 to 82 years, with an average of 64.6 years, and twenty-eight fell into the range between 55 and 75 years. Thirty-five spinal columns were from males, five from females.
Results-Conditions of the intervertebral discs Brown degeneration and ossification. Brown degeneration was observed in one or more intervertebral discs in twenty-eight specimens (70 per cent) and was distributed throughout the spinal column (Table 1) . Although it was impossible to distinguish a definite line of demarcation between the nucleus pulposus and the annulus fibrosus of the intervertebral discs, brown degeneration was most marked in the general area of the nucleus pulposus; however, in a few instances it involved the whole disc (Fig. 4) . The affected area was reddish-brown in color, and was softer and more friable than the surrounding normal appearing tissue. The discs of both sexes were involved. The incidence was higher after 65 years, although the youngest specimen, aged 36 years, was also affected. Brown degeneration was not consistently associated with other spinal pathology.
Ossification was noted in an intervertebral disc in two instances. In one specimen the disc C6/7* was thin and its posterior portion partially ossified. * In the interest of saving space, an abbreviated notation will be used for vertebrae, spinal nerves, intervertebral discs, and foramina, e. g., T2 indicates the second thoracic vertebra or nerves, and L2/3, the intervertebral disc or foramina between the second and third lumbar vertebrae.
In another specimen the vertebral bodies of C6 and C7 were fused, and the small remaining portion of the disc was ossified.
Fissuring. Crevices in the intervertebral discs longer than 3 mm. were observed in twelve specimens (30 per cent), and more frequently in the larger discs of the lower dorsal and lumbar regions, where normally the pulpy material in the area of the nucleus pulposus tended to protrude from the cut surface of the disc. In the upper dorsal and cervical regions where fissuring was observed infrequently, the central portion of incised discs did not tend to bulge, and it was difficult to detect a sharp line of transition between the nucleus pulposus and the annulus fibrosus (Table 1) . Fissuring was noted most frequently in the central portion of the disc. Usually several fissures were present, and occasionally the whole disc was involved, even close to the cartilage plates. The fissures most commonly lay in a horizontal plane, and at times one communicated with another by a small opening. There was no correlation between fissuring and other changes of the intervertebral discs; however, it was more prominent in older specimens. Both sexes were involved.
Thinning. Measurements of the anterior, middle, and posterior thicknesses of the cervical intervertebral discs were made along the midsagittal plane (Table 2) . Criteria were arbitrarily established to define thinning of the various portions of the discs in the midline, and the incidence in the different regions was noted (Table 3) . All the normal cervical discs were biconvex in shape in the median plane and were somewhat more than 1 mm. thicker anteriorly than posteriorly (Figs. 4, 6 ). The thickness ranged from 0 to 6 mm. anteriorly, 0 to 6 mm. through the center, and 0 to 5 mm. posteriorly. The discs of the older specimens and females were slightly thinner than those of the younger specimens and males.
Posterior thinning of the lumbosacral disc was observed in twenty-one specimens (52.5 per cent), and the fibers of the annulus fibrosus were completely absent posteriorly in two specimens.
The exact thickness of the cervical discs was not determined in planes other than the midsagittal, but by gross observation, no marked discrepancies were noted between the thickness of the right and left sides of any of the cervical discs. In two specimens, however, several cervical discs were absent or very thin on each side, where bony processes extended superiorly from the superolateral aspects of a vertebral body to enclose the inferolateral aspects of the centrum above. In one instance an actual joint space and synovial membrane were present (cf. Grayl'). Schmorl's nodules. Four of the twenty-seven specimens with intraspongious herniations of the nucleus pulposus were females ( Fig. 4; Fig.  7 ; Table 4 ). In half the specimens with involvement between vertebrae T5 and Li the nodules were observed in series, two to four consecutive vertebrae having been affected. In the majority of these series all the nodules passed cephalad, or all passed caudad from their respective discs in a given specimen. Of the forty specimens, 22.4, 42.5, and 10.0 per cent had Schmorl's nodules in the cervical, dorsal, and lumbar regions respectively. There was no correlation of the incidence of nodules in the three regions of a particular specimen.
In twenty-three specimens which showed thinned cervical discs, but no nodules in the midsagittal plane nor posterior herniations of the nucleus pulposus, parasagittal sections were made at intervals of abdut 2 mm. Parasagittal nodules were detected in only two instances, as compared with eleven lying in the midline. In these two cases, the nodules lay about 3 mm.
to the right of the midline and invaded the centrum of C7 from the disc above.
In all but three instances the defects in the cartilage plates through which the nuclear material prolapsed measured less than 1 mm. across. In one instance much of both cartilage plates had been widely split and destroyed and there were massive prolapses of material from the discs above and below into the centrum of T12. The cartilage plates surrounding the defects were between 0.5 mm. and 1 mm. thick; however, bending of the plates into the vertebral centra close to the defects occurred frequently. Pronounced bending of the plates without the actual formation of Schmorl's nodules was also observed often, especially in the lumbar region.
In the cervical region the nodules measured 2 to 3 mm. in their vertical diameter, and 3 mm. in their anteroposterior and transverse diameters. In the dorsal and lumbar regions, there was more variation in size, ranging from 1 to 9 mm. in diameter. The nodules were either oval or irregular in shape.
In sections of five nodules examined microscopically, the defect in the hyaline cartilage plate could be easily seen. Fibrocartilaginous material from the disc extended through the defect into the vertebral centrum. The nuclear area of the disc near the prolapse showed cracks and gaps in three instances, presumably occupied formerly by the prolapsed material. The formation of bone around the nodules was not noted in any specimen.
Forty-one of fifty-four nodules lay 2 to 3 mm. posterior to the middle of the vertebral body (Table 5 ). Of the three nodules which lay anterior to the center of the centra, the defect in the cartilage plate always lay at the center of the centrum, and the nodules themselves were not more than 2 mm. anterior to that point.
There was no correlation between the incidence of Schmorl's nodules and brown degeneration, fissuring, and eburnation. Lipping of the edges of the vertebral centra was an accompanying factor ten times. Fourteen of the twenty-seven specimens with Schmorl's nodules showed thinning of one or more discs involved in nodule formation (51.8 per cent), whereas seventeen specimens had one or more discs with nodules, but without thinning (63 per cent; Table 5 ).
Anterior and posterior herniations of the nucleus pulposus. Anterior herniation of the nucleus pulposus was noted only once, involving a disc L2/3. The herniation was incomplete, having pushed through all but the outermost layers of the annulus fibrosus.
Fourteen posterior herniations of the nucleus pulposus through the annulus fibrosus were noted in eight specimens (20 per cent; Fig. 7 ). All but two of the eight herniations which indented the cord lay almost directly in the midline, the herniating material having pushed partially or completely through the posterior longitudinal ligament. The other two herniations, one in the cervical and one in the dorsal region, indented the left side of the cord after having pushed through the lateral portion of the posterior longitudinal ligament. In the one posterolateral herniation between vertebrae C6 and C7, the disc was uniformly thinned to 1 mm., and the left nerve C7 was flattened and tightly wedged against the left superior articular process of vertebra C7 by the herniation and posterior lipping of the body of C7.
In one specimen there was an incomplete herniation of the lumbosacral disc which slightly compressed the left nerve L5. A similar condition existed in another specimen between T12 and Li, but without nerve compression.
The herniations appeared as regular, moderately firm, whitish knobs, which measured about 3 mm. across, and elevated or pushed through the posterior longitudinal ligament, extending 2 to 4 mm. into the spinal canal. On gross inspection of transverse sections, such discs showed the rupture of the annulus fibrosus, and the path of the nuclear material through it. The midline herniations thinned and indented the anterior portion of the dura mater. The largest cervical and dorsal herniations indented the spinal cord from 1 to 3 mm., either extending into both ventral white columns and compressing the anterior spinal artery, or extending to one side slightly to press on some of the ventral nerve roots. There was no gross or micro- scopic evidence of degeneration of the cord in these specimens, although the anterior spinal artery and its adjacent branches were flattened so that the lumina were mere slits.
The ages of the specimens with posterior herniations varied from 52 to 82 years. Three specimens were females. Brown degeneration and fissuring of the discs, and eburnation and lipping of the adjacent vertebral bodies were not regularly associated with posterior herniations. Two cervical discs with posterior herniations were thinned posteriorly, and two were uni-formly thinned. Two of the thoracic herniations were accompanied by uniform thinning; seven were not. The one instance at the lumbosacral disc was accompanied by marked posterior thinning, and there was also posterior lipping of the bodies of L5 and SI.
Posterior protrusions of the fibers of the annulus fibrosus. By this condition is meant a projection of the posterior annular fibers into the vertebral canal, which pushes the posterior longitudinal ligament posteriorly at that point. Only those fibers which protruded more than 2 mm. into the vertebral canal were classified in this category. Incomplete herniation of the nucleus pulposus was not included. Thirty-one of the forty specimens (77.5 per cent) showed involvement of one or more intervertebral discs ( Table 6 ). The relative incidence and degree of nerve and spinal cord compression produced by annular protrusion were less than those associated with nuclear herniation, which occurred infrequently but often caused nerve or cord involvement. The nerve L5 was compressed slightly only three times in the twenty-seven lumbosacral annular protrusions.
Grossly the condition resembled posterior herniations of the nucleus; however, the annular fibers extended less into the vertebral canal, and the whole width of the disc was involved instead of the localized area noted in nuclear herniations. Posterior annular protrusion was frequently found in specimens over 50 years of age in the discs L3/4 and L4/5, and somewhat less frequently in the dorsal and cervical regions. Four of the five female specimens were involved. Thinning of the discs posteriorly was the only feature accompanying posterior annular protrusions with any regularity (Table 6 ). Schmorl's nodules were present in three of the dorsal discs with annular protrusions.
Conditions of the vertebral bodies Measurements of the cervical and first thoracic vertebrae. The height of each centrum from C3 to Ti was measured at its anterior and posterior edges and through its center in the midsagittal plane, and the antero-posterior dimensions were determined at the superior and inferior edges and through the center (Table 7) . Transverse dimensions, and the heights of the centra in parasagittal planes were not determined. Only the inferior edge of the axis was measured.
There was considerable variation in the size of the vertebrae in different specimens, and no constant relationship existed between the heights and anteroposterior dimensions of the vertebral centra; however, in twelve specimens the decreased heights of the bodies of C5 and C6 were accompanied by an increase in the width and depth of the same centra, with lateral bony lipping, as though the bodies had been flattened out. The anteroposterior measurements were slightly greater along the superior and inferior borders than through the middle of the vertebral bodies. This condition was exaggerated where there was hypertrophic bony lipping of the vertebral centra. The centrum of Ti was more nearly square midsagittally than the cervical vertebral bodies, which were rectangular. Eburnation. Eburnation, or the conversion of bone into an ivory-like mass, occurred more frequently at the edges of the vertebral bodies adjoining markedly thinned intervertebral discs. The process usually did not extend more than 3 mm. into the spongiosa of the bodies, but when there was marked destruction of the intervertebral disc, half or more of the adjacent bodies were involved. Eburnation was more advanced in the region of the centra nearest the thinnest part of the disc, which was most frequently the anterior or posterior edge. Both vertebrae adjoining a disc were affected in all but one instance (Table 8) .
Grossly the eburnated areas resembled ivory. They were lighter in color and harder than normal cancellous bone, and the cut surface was shiny (Fig. 3) . Microscopically the eburnated areas were seen to begin where the thin layer of cortical bone abutted on the cartilage plate. Thick trabeculations were arranged in a much denser network than in the normal spongiosa. Many of the marrow spaces were partly obliterated. Farther in the centrum the eburnated areas gradually merged with the normal cancellous bone. The cartilage plates were intact in most instances, but occasionally they were cracked and less than 0.5 mm. thick.
The intervening intervertebral discs were markedly thinned in 85 per cent of the instances of eburnation, and to a lesser degree in the remaining 15 per cent. Eburnation was not closely correlated with other changes involving the discs or centra. It was not seen in the five female specimens. The ages of seven of the nine specimens were known, and with the exception of one aged 51 years at death, all were 67 years or older. Lipping. Hypertrophic lipping was most prominent over the anterolateral edges of the vertebral bodies. These exostoses closely resembled the eburnated areas. Lipping of one or more vertebral bodies along the anterior or anterolateral edges was noted in thirty-six specimens (90 per cent). The exostoses projected from 2 mm. to 15 mm. from the vertebral bodies; they either involved one or more localized points, or extended completely around the circumference of the anterior half of the centrum, and in two specimens completely bridged several discs (Figs. 3, 6 ).
Posterior lipping into the vertebral canal was noted on one or more vertebral bodies of thirty-two specimens (80 per cent). The bony processes extended from 1.5 to 4 mm. into the vertebral canal (Fig. 6) . Although lipping of the posterior edges of two adjacent vertebrae usually extended across the whole width of the vertebral canal, it was often more marked on one side (Fig. 5, Table 9 ). If posterior lipping of one vertebral body was present, it would also be present on the adjacent edge of the vertebra on the other side of the disc. Anterior lipping was more frequent and greater in extent in all but the cervical region.
No constant correlation was found between lipping and changes in the intervertebral discs. One of the fourteen instances of posterior herniation of the nucleus pulposus showed lipping at a corresponding level (C6 and C7). Thirteen of the twenty-seven specimens with Schmorl's nodules had lipping of the adjacent vertebral bodies (at fourteen disc levels as compared with the total of sixty-two discs with Schmorl's nodules). Forty per cent of the levels showing anterior lipping were accompanied by anterior thinning of the intervertebral discs, whereas 50 per cent of the levels with posterior lipping showed an accompanying posterior thinning throughout all regions.
Lipping was noted in all five female specimens, and in 88 per cent of the thirty-five males. It was most prevalent in specimens from the eighth and ninth decades.
Posterior lipping compressed, or made impressions in, the spinal cord in nine specimens, with the highest incidence in the cervical region (Fig.  7) . The lipping pushed the posterior longitudinal ligament and dura mater into the ventral surface of the spinal cord to a depth of about 1 mm., except in one specimen where the lipping was very marked ( Fig. 2; Fig. 6 ). Microscopically the latter specimen was unsatisfactory because of the dryness and friability of the tissues; however, the anterior spinal vessels were flattened and only thin slits remained for lumina.
Compression of spinal nerves by encroachment of posterolateral exostoses on the intervertebral foramina occurred in eight specimens (Fig. 7) . The most significant observations were limited to the cervical region. In seven instances nerves were compressed on the left side, and in three the right nerves were involved.
The nerves were invariably pressed against the superior articular process or lamina of the vertebra forming the inferior half of the circumference of the intervertebral foramen by the hypertrophied edges of the vertebral bodies (Figs. 5, 6 ). In one specimen marked hypertrophic arthritic changes of the articular process contributed to the compression, along with posterolateral lipping (Fig. 6) . In none of the other nine instances were definite hypertrophic changes of the articular processes observed; however, in three the superior articular process was larger than normal, its anterior aspect projected unusually far into the intervertebral foramen and thus contributed to the latter's decreased anteroposterior diameter.
The involved nerve was in each case flattened in proportion to its degree of compression, and clamped firmly in position. Two nerves studied micro-scopically showed no changes; however, a third nerve manifested marked venous engorgement proximal and distal to the point of compression, and poorly stained nerve fibers interspersed with a yellowish pigment (hematoxylin and eosin stain) in the compressed region. Grossly this specimen, a left nerve C6, appeared swollen distal to the point of compression and showed a bluish discoloration.
Conditions of the intervertebral foramina Measurements. The interpedicular and anteroposterior diameters of the cervical intervertebral foramina were measured with a ruler. The latter diameters actually faced 45 degrees anteriorly, and were measured between the intervertebral disc anteriorly and the anterior edge of the superior articular process posteriorly (Table 10 ). The cervical intervertebral foramina resembled a figure eight with its transverse bar missing. The interpedicular diameters varied between 6.5 mm. and 13.1 mm.; however, the majority of them were within 1 mm. of the average listed. Variations in the anteroposterior diameters ranged from 0 mm. to 8 mm., with wide variations from the averages, and did not exceed 3 mm. in any case of nerve compression. The foramina were slightly smaller in the female specimens than in the males, and those of the larger specimens were correspondingly large in size. This was shown by comparing the average of the sum of the interpedicular foraminal diameters of each specimen with the distance between the inferior borders of the centra of C2 and C7 (Fig. 1) .
Changes associated with decrease in size of the intervertebral foramina. Foramina with interpedicular diameters less than 7.5 mm. and anteroposterior diameters less than 3.5 mm. were arbitrarily compared with the incidence of other changes in the discs and vertebrae. Of the specimens with interpedicular foraminal ;liameters less than 7.5 mm. (fourteen foramina), 83.3 per cent had uniform or posterior thinning of the cor-responding intervertebral discs. Seventy-five per cent of the specimens with an anteroposterior foraminal diameter less than 3.5 mm. (sixty foramina) also showed uniform or posterior thinning of the discs.
Studies on disarticulated cervical vertebrae from which the discs had been removed indicated that when the vertebral bodies were moved closer together, as would happen in uniform thinning of the discs, the interpedicular diameters of the corresponding foramina decreased proportionately, as did the anteroposterior diameters to a lesser extent.
Seventy per cent of the specimens with anteroposterior foraminal diameters less than 3.5 mm. showed posterior lipping of the corresponding vertebral bodies, the remaining 30 per cent, annular protrusions or nuclear herniations (Fig. 5) . Of the fourteen foramina with small interpedicular diameters, 87.5 per cent had corresponding posterior lipping.
Conditions of the zygapophysial joints
Arthritic changes. In the cervical region, arthritic changes in the zygapophysial articulations were observed in six specimens (15 per cent). The incidence was slightly higher on the left side. Seventy per cent of the arthritic changes were hypertrophic in nature; in 30 per cent they were atrophic. In the latter there were frequently additional hypertrophic changes around the margins of the articular processes, suggesting a combination of hypertrophic and atrophic arthritis (Fig. 6) . In one instance of marked lipping of the vertebral bodies, one zygapophysial articulation was ankylosed by lipping of its edges (Fig. 3) . The lipping was minimal in the other articulations, but there was a moderate amount of pitting and erosion of the cartilage plates. Most of the hypertrophic articular changes were noted in specimens over 65 years of age.
In nine of the twenty-six articulations involved in arthritic changes, the anteroposterior diameters of the corresponding intervertebral foramina were noticeably decreased; however, articular arthritis obviously contributed to nerve compression in only one instance, posterior vertebral lipping having been the chief factor. Schmorl's nodules were noted at corresponding levels three times. In each case of arthritis there was thinning of the disc, and in one instance the latter was almost completely obliterated.
Unusual and anomalous conditions An extra transitional vertebra was interposed between the "fifth" lumbar vertebra and the sacrum in one male and one female specimen (aged 67 and 82 years). The vertebral columns and their contents were otherwise normal, and a nerve passed through each intervertebral and sacral foramen; however, the first cervical and coccygeal nerves were not found.
There was almost complete fusion of the centra of C6 and C7 of one 79-year-old male. The only trace of the intervertebral disc was a thin layer of calcified material. Fig. 6 In one cadaver the laminae of C3 and C4 were fused, and the zygapophysial joints were completely ankylosed bilaterally.
One 65-year-old male specimen revealed a dilatation of the sacral canal at the level of S2, measuring 22 x 18 x 20 mm. The cavity contained a collapsed, cystic structure without signs of inflammation.
There was one instance of dislocation of the left zygapophysial joint C6/7, in which the spinal cord and nerve had not been compressed.
Spondylolisthesis was not observed in any case. Discussion It is likely that brown degeneration is not due to degenerating blood pigments unless one assumes that the normally avascular disc has become vascularized, or that blood has seeped into the discs from damaged vertebral arteries or veins. A more likely theory would be that the discoloration is the result of changes in the tissues of the disc.
The term fissuring was not applied unless the spaces within the discs were at least 3 mm. long, a purely arbitrary value; however, smaller defects were found in almost every disc. Some of the fissures may have been artefacts, but many were also found when the discs were carefully incised with a sharp scalpel.
The criteria for thinning of the cervical discs differed from those in other regions, and comparisons between the cervical and other regions should not be interpreted too strictly.
Considering that there are twice as many discs in the dorsal as in the cervical region, the probability of involvement of one disc in the formation of a Schmorl's nodule in either region would be about the same. The lumbar region, however, had the smallest ratio of nodules to the total number of discs, indicating both a relative and absolute minority in this region.
The integrity of the cartilage plates seems to be important in the prevention of the formation of these nodules. Three mechanisms are postulated as leading to a prolapse through the weakest part of the cartilage plate, perhaps where the notochord or vessels passed through the plates originally: (1) trauma; (2) defects in the compact or the adjacent cancellous bone, either due to osteoporosis or congenital weakness; (3) a combination of the above. The increased incidence of nodules with advancing age may indicate that factors other than congenital ones, such as trauma and senile degeneration, are important, although congenital weak points may be primary factors. The latter idea is reinforced by the observation that the cervical nodules almost always lay in the median plane (although a few in parasagittal positions may have gone undetected), slightly posterior to the center of the centra, in a position corresponding to that of the notochord in early development.
It is seriously questioned from these studies whether Schmorl's nodules are prime factors in producing degenerative changes in the intervertebral discs and their sequelae. Many discs appeared otherwise completely normal, and many discs showed advanced degenerative changes without Schmorl's nodules. There was no correlation between the size of the nodules and degenerative changes in the discs, except in the instance of the few large nodules measuring more than 5 mm. in diameter.
It is not known if the posterior herniations caused symptoms before the death of the individuals. The herniations may have occurred slowly, in which condition the collateral circulation in the cord could probably have kept up with the gradually increasing pressure. On the other hand, if they had occurred abruptly, symptoms probably would have been produced, and more microscopic evidence of damage to the cord would have been evident.
The frequent involvement of the lumbosacral disc in posterior annular protrusions may be attributed to the large forces it must withstand, and the transition between the movable lumbar region and fixed sacrum. Posterior annular protrusion to a slight extent is normal in the extended spinal column, and the inclusion of discs with the extension of annular fibers more than 2 mm. posteriorly is purely arbitrary. Trauma and ageing are probably responsible for pathological degrees of this condition.
The higher incidence of eburnation in the lower cervical region, and the diminished heights of the bodies of C5 and C6 may also have been the result of increased wear associated with the greater mobility of the segments above the thoracic region.
Although eburnation of the vertebral bodies was always associated with thinning of the intervertebral discs, the latter must have been marked and of fairly long duration, if it was the cause of eburnation at all, since the majority of moderately thinned discs were not accompanied by this condition.
In some of the specimens it was difficult to determine whether lipping resulted from hypertrophy of the edges of the vertebral bodies, or bony resorption from the middle of the anterior and lateral surfaces of the centra, leaving the edges of the latter protruding prominently. In the latter instance lipping would have been the result of a different mechanism from hypeirtrophic lipping. Neurological symptoms may actually occur infrequently in cases of posterior lipping because of adaptation of the nervous system and its blood supply to the slowly increasing pressure.
Narrowing of the anteroposterior diameters of the intervertebral foramina did not prove to be so significant as narrowing of the foramina in their inferior halves, where nerve compression actually took place. It is difficult to explain the large size of foramina C2/3, but the gradual increase in size of foramina C3/4 to C7/T1 would be in keeping with the increasing size of the nerves C4 to C8. Summary 1. The spinal columns of forty cadavers were dissected, with attention concentrated on the cervical region.
2. Brown degeneration of the intervertebral discs was observed in twenty-eight specimens (70 per cent) and was not closely correlated with other degenerative changes.
3. Fissuring of the intervertebral discs was observed in 30 per cent of the specimens.
4. The thicknesses of the cervical discs were measured in the midsagittal plane. Posterior thinning was observed more frequently in the cervical and lumbar regions, accentuating the normal cervical and lumbar curvatures, whereas anterior thinning of the discs was more prominent in the thoracic region.
5. Schmorl's nodules were noted in twenty-seven cadavers (67.5 per cent), with a higher incidence in older specimens. There was no constant correlation between Schmorl's nodules and other forms of spinal pathology. It is questionable whether Schmorl's nodules are prime factors in producing degenerative changes in the intervertebral discs unless they are quite large.
6. A partial anterior herniation of the nucleus pulposus through the annulus fibrosus was noted once. Fourteen posterior herniations were observed in eight specimens (20 per cent). Eight herniations indented the spinal cord, and one aided in compressing a left nerve C7. All but two herniations lay in the midline. The dorsal, cervical, and lumbar regions were involved in that order of frequency. Degenerative changes of the discs and vertebral bodies were not consistently associated with herniations. Thinning of the involved discs was not specifically characteristic of posterior herniations.
7. Posterior protrusions of one or more annulus fibrosus 2 mm. or more into the vertebral canal occurred in 77.5 per cent of the specimens, with the highest incidence at the lumbosacral disc and in the more movable cervical and lumbar regions. Cord and nerve compression were noted eleven and seven times respectively. Posterior thinning of the discs was the only constantly accompanying feature.
8. The vertebral centra from C3 to Ti were measured in the midsagittal plane. Vertebrae C5 and C6 were usually shorter than the others, but frequently wider, with some lipping, and gave the impression of having been flattened by pressure or wear.
9. Eburnation of the vertebral bodies was noted at twenty-one disc levels in nine cadavers, predominantly in the cervical region. Thinning of the corresponding discs consistently accompanied eburnation, suggesting that altered physiology resulting from advanced thinning and degeneration was the cause of the condition. It did not accompany other degenerative changes with any consistency.
10. Anterolateral and posterior hypertrophic lipping of the edges of the vertebral bodies was noted in 90 and 80 per cent of the specimens respectively. Posterior lipping was less extensive. Lipping did not consistently accompany other changes; approximately half the discs were normal. It is questionable whether lipping is secondary to thinning of the discs. Posterior lipping at thirty-eight levels in nine specimens (22.5 per cent) caused indentation of the spinal cord and occurred most frequently in the cervical region. Ten spinal nerves were compressed in eight specimens (20 per cent) by posterolateral exostoses that were noted mainly in the cervical region. The nerves were compressed against the superior articular process of the corresponding vertebrae in the inferior half of the foramen. Posterior lipping may thus produce neurological manifestations, and must be differentiated from other conditions.
11. The interpedicular and anteroposterior diameters of the intervertebral foramina were measured. Posterior lipping was the predominant cause of decrease in the latter diameters. Uniform thinning of the cervical discs appeared to produce a decrease in the interpedicular diameters.
12. Hypertrophic or mixed arthritis of the articular processes was observed in six specimens (15 per cent). 13. Various unusual and anomalous conditions were noted.
